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1 1. INTRODUCTION
Candida spp. species are frequently isolated from
the oral cavity and are considered as the most common
commensal microorganism in humans [1]. In case of
alterations in the oral environment, such as reduction
of the salivary flow, pH changes and local trauma, as
well as systemic problems, usually involving immuno
supression, these microorganisms may act as opportu
nistic pathogens, invading tissues and unchaining
infectious processes [2]. Mucocutaneous infections
are possible manifestations of these infectious pro
cesses and their oropharyngeal form is frequently
observed in denture wearers, HIVinfected patients
and organ transplant recipients [3].
The treatment of Candida infections includes topi
cal and systemic antifungal medication [4, 5] in addi
tion to regular denture cleansing and disinfection [6].
However, these treatments are not always effective in
patients with history of recurrent candidosis. Topical
antifungal drugs present the disadvantage of having a
rapid reduction of its concentration due to the diluent
1 The article is published in the original.
effects of saliva and the tongue movements, leading to
frequent microbial recolonization and consequent
reinfection [4]. On the other hand, due to the long
treatment duration, systemic antifungal therapy may
produce hepatotoxic and nephrotoxic side effects [7],
drug interactions [8] and development of organisms
resistant to the antifungal agents [9].
In this way, alternative therapeutic modalities have
been developed to treat these infections and inactivate
organisms that resist conventional treatments. The
photodynamic therapy (PDT) associates two non
toxic agents, a photosensitizing drug and light activa
tion, to produce reactive oxygen species (ROS), such as
singlet oxygen and free radicals. These ROS can
interact with several cell structures (proteins, lipid
membranes and nucleic acids), causing irreversible
intracellular and extracellular damage, and leading to
inactivation of the microorganisms [3, 10]. Hemato
porphyrinderived and phenothiazinicderived com
pounds are the most commonly used for antimicrobial
PDT [11, 12]. Several kinds of photosensitizers have
been suggested such as gold nanoparticles associates to
antibodies or proteins [13]. However, only few photo
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Abstract—In order to consider the photodynamic therapy (PDT) as a clinical treatment for candidosis, it is
necessary to know its cytotoxic effect on normal cells and tissues. Therefore, this study evaluated the toxicity
of PDT with Photogem® associated with red lightemitting diode (LED) on L929 and MDPC23 cell cul
tures and healthy rat palatal mucosa. In the in vitro experiment, the cells (30000 cells/cm2) were seeded in
24well plates for 48 h, incubated with Photogem® (50, 100, or 150 mg/l) and either irradiated or not with a
red LED source (630 ± 3 nm; 75 or 100 J/cm2; 22 mW/cm2). Cell metabolism was evaluated by the MTT
assay (ANOVA and Dunnet’s post hoc tests; p < 0.05) and cell morphology was examined by scanning electron
microscopy. In the in vivo evaluation, Photogem® (500 mg/l) was applied to the palatal mucosa of Wistar rats
during 30 min and exposed to red LED (630 nm) during 20 min (306 J/cm2). The palatal mucosa was pho
tographed for macroscopic analysis at 0, 1, 3, and 7 days posttreatment and subjected to histological analysis
after sacrifice of the rats. For both cell lines, there was a statistically significant decrease of the mitochondrial
activity (90–97%) for all Photogem® concentrations associated with red LED regardless of the energy den
sity. However, in the in vivo evaluation, the PDTtreated groups presented intact mucosa with normal char
acteristics both macroscopically and histologically. From these results, it may be concluded that the associa
tion of Photogem® and red LED caused severe toxic effects on normal cell cultures, characterized by the
reduction of mitochondrial activity and morphological alterations, but did not cause damage to the rat palatal
mucosa in vivo.
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sensitizers have governmental license to be used in
clinical situations, as some hematoporphyrin deri
vates. Lasers are the most frequently used light sources
for being monochromatic in a wavelength specific for
activation of the photosensitizer [14–16]. Different
combinations of photosensitizers and light sources
have been investigated for inactivating microorgan
isms, especially Candida spp. Lightemitting diodes
(LEDs) have a lower cost and a simpler technology
compared to lasers and can be assembled in different
geometries, with better adjustment to the anatomy of
the region to be illuminated.
Some studies have demonstrated the inactivation of
different Candida species by PDT [11, 16]. Dovigo
et al. [17] observed the efficacy of the PDT using Pho
togem® associated with LED in the inactivation of C.
albicans and C. glabrata cell suspensions. In addition,
the susceptibility of C. albicans to PDT in an animal
model of oral candidosis has also been recently dem
onstrated [18]. However, as the mechanism of action
of PDT involves the formation of ROS, it is necessary
to know the toxic effects of this therapy on normal
cells and adjacent healthy tissues, which are also sus
ceptible to the damages generated by the free radicals.
Therefore, the purpose of this study was to evaluate the
toxic effects of PDT using Photogem® associated with
red LED (630 nm) on L929 and MDPC23 cell cul
tures and healthy rat palatal mucosa.
2. MATERIAL AND METHODS
Photogem® is a mixture of porphyrin dimers and
oligomers involving ether, ester and carboncarbon
interporphyrin linkages. As a typical porphyrin deri
vate, it presents spectral bands characteristics of C2v
freebase porphyrins, and two sets of two weak Q
bands (I, II, III, and IV), together with an intense
Soret band around 370 nm [19]. A stock solution of
Photogem® was prepared in serumfree Dulbecco’s
Modified Eagle’s Medium (DMEM) without phenol
red (Sigma Chemical Co., St. Louis, MO, USA) at a
concentration of 1000 mg/l and stored at 4°C. The
Photogem® concentrations used in the present study
were obtained by dilution of the stock solution.
For the in vitro experiment, a system composed of
eight red LEDs with a predominant wavelength of
630 nm (LXHLPR09 Luxeon® III Emitter, Lumileds
Lighting, San Jose, CA, USA) was used. The light
source used in the in vivo experiment was a red LED
prototype, which delivered light through a 5mm
diameter opening at the end of the device’s handpiece
with power output of 200 mW.
2.1. In vitro Experiment
2.1.1. Cell culture. The two cell lines used in this
study were immortalized L929 fibroblasts, purchased
from the Adolfo Lutz Institute, São Paulo, SP, Brazil,
and immortalized odontoblastcell line MDPC23,
cultured at the Laboratory of Experimental Pathology
and Biomaterials of Araraquara School of Dentistry,
Brazil. Both cell lines were cultured in DMEM (Sigma
Chemical Co., St. Louis, MO, USA) supplemented
with 10% bovine fetal serum (Gibco, Grand Island,
NY, USA), with 100 IU/ml penicillin, 100 µg/ml
streptomycin and 2 mmol/l glutamine (Gibcoand) in
an humidified incubator with 5% CO2 and 95% air at
37°C (Isotemp; Fisher Scientific, Pittsburgh, PA,
USA). The cells were subcultured every 3 days until
an adequate number of cells were obtained for the
study. After reaching approximately 80% density, the
cells were trypsinized, seeded in sterile 24well plates
(30000 cells/cm2) and incubated for 48 h.
2.1.2. PDT procedures. The culture medium was
removed and the cells were washed with phosphate
buffer saline (PBS) and transferred to the wells of
24well plates. Aliquots of 500 µl of Photogem® at
each concentration (50, 100, or 150 mg/l) were incu
bated in contact with the cells for 30 min in the dark
prior to irradiation. After incubation, the PDT groups
were photoactivated with the red LED system, which
had 8 royal red LEDs uniformly distributed into the
device, which allowed a homogenous illumination of
the surface of a 24well plate (Costar Corp., Cam
bridge, MA, USA) with 22 mW/cm2 light intensity.
Energy densities of 75 or 100 J/cm2 were obtained by
using light activation times of 50 and 66 min, respec
tively. The effect of the photosensitizer alone was
tested by the application of Photogem® at the same
concentrations for the same irradiation periods, but
without activating the light source. The effect of LED
light was also tested by illuminating the cells without
pretreatment with the photosensitizer. The negative
control group did not receive either photosensitizer or
light.
2.1.3. Analysis of cell metabolism (MTT assay) and
cell morphology by scanning electron microscopy
(SEM). Cell metabolism was assessed by the
cytochemical demonstration of succinic dehydroge
nase (SDH) activity, which is a measure of the mito
chondrial respiration of cells, employing the methyl
tetrazolium (MTT) assay. To evaluate the effect of
PDT treatment among different recovery periods, the
mitochondrial activity was assessed 0, 12, and 24 h
after PDT. In 10 wells, 900 µl of plain DMEM plus
100 µl of the MTT solution (5 mg/ml sterile phos
phate buffered saline—PBS) (Sigma Chemical Co.)
were applied to the cells in each well. The cells were
incubated at 37°C for 4 h. Thereafter, the culture
medium with the MTT solution were aspirated and
replaced by 600 µl of acidified isopropanol solution
(0.04 N HCl) to dissolve the blue crystals of formazan
present in the viable cells. Three 100 µl aliquots of
each well were transferred to the wells of 96well
plates. Cell viability was evaluated by spectrophotom
etry as being proportional to the absorbance measured
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at 570 nm wavelength with an ELISA plate reader
(BIORAD, model 3550UV, microplate reader, Her
cules, CA, USA). The values obtained from the three
aliquots were averaged to provide a single value for
each well. The means were calculated for the groups
and transformed into percentages, which represented
the inhibitory effect of the mitochondrial activity of
the cells by the treatments. The MTT data presented a
normal distribution and were analyzed statistically by
ANOVA and Dunnet’s post hoc tests at 5% significance
level.
To evaluate cell morphology by SEM, sterile
12mmdiameter cover glasses (Fisher Scientific)
were placed at the bottom of the wells of sterile 24well
plates immediately before seeding of the MDPC23
cells (30000 cells/cm2). After adjusting the experi
mental conditions, the culture medium was removed
and the viable cells that remained adhered to the glass
substrate were washed with PBS, fixed in 1 ml buffered
2.5% glutaraldehyde for 60 min and postfixed in 1%
osmium tetroxide for 60 min. The cover glasses with
the surfaceadhered cells were dehydrated in an
ascending ethanol series (30, 50, 70, 90, and 100%)
and immersed in 250 µl of 1,1,1,3,3,3hexamethyldis
ilazane (HMDS; ACROS Organics, Springfield, NJ,
USA) for 60 min at room temperature. The specimens
were mounted on metallic stubs and sputtercoated
with gold. The cells that remained adhered to glass
surface had their morphology examined with a scan
ning electron microscope (JEOLJMST33A Scan
ning Microscope, JEOLUSA Inc., Tokyo, Japan).
2.2. In vivo Experiment
2.2.1. Animals. Sixty male Rattus Norvegicus Albi
nus Holtzman rats weighing 350–400 g were used and
were randomly assigned to four groups according to
the treatment received, as listed on Table 1. The study
design and animal experimental procedures were
approved by the Research Ethics Committee of
Araraquara School of Dentistry, São Paulo State
University, Brazil, in compliance with the ethical
guidelines of animal experimentation (Protocol:
CEEA 12/2007). The rats were housed in individual
cages and were fed standard rat pellets and tap water
ad libitum.
2.2.2. PDT procedures. The animals were anesthe
tized with an intraperitoneal injection of ketamine
hydrochloride (Ketamina 1 g/10 ml; Virbac do Brasil
Ind. Com. Ltda., Roseira, SP, Brazil) at a dose of
0.16 ml/100 g body weight associated with a muscular
relaxant and analgesic (xylazine hydrochloride;
Dopaserl 10 ml; Virbac do Brasil Ind. Com. Ltda.) at
a dose of 0.04 ml/100 g body weight. The rats were
immobilized at a homemade surgical table, allowing a
reasonable mouth opening to introduce the light guide
in contact with palatal mucosa. Using a micropipette
(Boeco, Hamburg, Germany), 300 µl of Photogem®
solution (500 mg/l) were applied to the palatal mucosa
of the rats and left undisturbed for 30 min. In the PDT
groups, the palatal mucosa treated with the photosen
sitizer was irradiated with the red LED source for
20 min at an energy density of 306 J/cm2. Since the
light guide of the device used in this study has two light
sources along its extension, the entire palatal mucosa
surface was covered during irradiation. The effects of
LED and photosensitizer alone were also studied.
Animals either received no photosensitizer but were
subjected to 306 J/cm2 LED light irradiation (light
control), or received Photogem® (500 mg/l) without
irradiation (photosensitizer control). In negative con
trol group, the animals received sterile saline and the
LED source was put in contact with the palatal
mucosa but was not activated.
2.2.3. Macroscopic and histological evaluation.
The animals were anesthetized and standardized pho
tographs of the region were obtained with a digital
camera (Nikon SLR camera D40 X, 10.2 mega pixel,
Tokyo, Japan) for evaluating macroscopic changes in
the palatal at days 0, 1, 3, and 7 posttreatment. The
photographs were randomized, coded and graded
blindly by a single calibrated examiner using a 6point
scoring system [20], as shown in Table 2. Examina
tions were performed twice by the same examiner with
a 1month interval. Immediately after taking the pho
tographs, the rats were sacrificed by anesthetic over
dose with an intraperitoneal injection of ketamine
hydrochloride associated with a muscular relaxant and
Table 1.  Distribution of the experimental and control groups
Treatments
Posttreatment periods
immediate
(n = 15 rats)
after 24 hours
(n = 15 rats)
after 3 days
(n = 15 rats)
after 7 days
(n = 15 rats)
Group P–L–: Negative Control 2 2 2 2
Group 2 P+L+: Photogem 500 mg/l + Light 5 5 5 5
Group P+L–::Photogem 500 mg/l 5 5 5 5
Group P–L+: Light 3 3 3 3
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analgesic xylazine hydrochloride. The whole palate,
including the surrounding hard and soft tissues, was
surgically removed as a single piece. For histological
analysis, the samples were immediately immersed in
10% formalin for 72 h at room temperature and sub
jected to routine processing. Serial 6µmthick histo
logical sections obtained with a rotary microtome (820
Spencer Microtome, Spencer Products Co., Carson,
CA, USA) were stained with hematoxylin and eosin
and Masson’s Trichrome, and evaluated with a light
microscope (Olympus BX51, Olympus Optical do
Brasil Ltda., São Paulo, SP, Brazil). Tissue reaction
was examined by an experienced pathologist blinded
to the groups. The histological characteristics of the
tissue with and without local inflammatory response of
varied intensity were analyzed descriptively and the
intensity of inflammation was expressed using a 5
point scoring system (Table 3).
3. RESULTS
Figures 1 and 2 show the percent values of cell
metabolism of L929 and MDPC23 cell lines, respec
tively, when exposed different Photogem® concentra
tions (50, 100, or 150 mg/l) associated with red LED
(100 J/cm2) illumination at the different periods of
cell metabolism evaluation (0, 12 and 24 h). Consider
ing the negative control group (P–L–) as having 100%
of L929 and MDPC23 cell viability, a significant
reduction of cell metabolism (from 90 to 97%; p <
0.05) was observed for all Photogem® concentrations
when the cells were irradiated by the red LED at both
energy densities (data shown only for 100 J/cm2). In
those groups, there was no statistically significant dif
ference (p > 0.05) among the Photogem® concentra
tions. Groups exposed to light (P–L+) and Photo
gem® (P+L–) alone did not differ significantly from
the negative control group.
Figure 3 shows a panel of SEM micrographs of the
L929 fibroblasts representative of the experimental
and control groups. For the negative control group (no
treatment), numerous L929 fibroblasts that remained
adhered to the glass substrate exhibited a spindle
shaped appearance with few cytoplasmic processes
originating from the membrane (Fig. 3a). In the
groups submitted to PDT, there were a smaller number
of L929 fibroblasts that remained adhered to the cover
glass. These cells were roundshaped and smallsized
and exhibited fine and sometimes fragmented cyto
plasmic processes. In some areas of the glass substrate,
rests of cytoplasmic membrane of dead cells were
observed (Figs. 3b, 3c). This altered morphology
observed immediately after PDT (0 h) remained
unchanged within the following 24 h, demonstrating
the irreversible nature of the damage caused by the
PDT (Fig. 3c).
Figure 4 shows a panel of SEM micrographs of the
MDPC23 odontoblastlike cells. These cells exhib
ited a wide cytoplasm and numerous fine cytoplasmic
processes originated from the cell membrane (Fig. 6a).
Also, in groups submitted to the PDT, intense alter
ation of the cell morphology can be seen and it was not
possible to identify the cell cytoplasmic membrane.
The few cells that remained adhered to the glass sub
strate were smallsized and round shaped (Figs. 4b,
4c). This altered morphology observed immediately
after PDT (0 h) remained unchanged within the fol
lowing 24 h, demonstrating the irreversible nature of
the damage caused by the PDT (Fig. 4c).
In the in vivo experiment, there were no alterations
in the palatal mucosa of the control and experimental
animals at any evaluation period (Fig. 5). The oral
mucosa of all animals presented three Mshaped and
two Vshaped palatal rugae in the intermolar region
and no/smooth palatal rugae in the antemolar region.
Table 2.  Clinical scoring of oral mucositis
Score Clinical characteristics
0 Completely healthy tissue
1 Slight erythema without evidence of mucosal erosion
2 Severe erythema, vasodilatation and superficial erosion
3 Ulcers in one or more sites without affecting more than 25% of the pouch surface area
4 Cumulative ulcer formation in about 50% of the pouch surface area
5 Complete ulceration of the pouch mucosa
Table 3.  Scoring of histological events (ISO 7405:1997)
Histological events
0 Inflammation absent
1 Mild inflammation
2 Moderate inflammation
3 Severe inflammation
4 Abscess formation
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In the postmolar region, the transverse bridge (TB), a
whitish line that is the anatomic limit between the hard
and soft palates, could be observed (Fig. 5). In the his
tological analysis, the sections of the negative control
group showed a stratified squamous epithelium lined
by a continuous thick keratin layer with few shallow
epithelial papillae and intact basal layer. Immediately
underneath this layer there was a thin collagenrich
connective tissue layer with numerous fibroblasts and
small capillaries, characterizing a normal connective
tissue (Figs. 6a, 6b). The bone tissue was intact. In the
PDT (P+L+), light control (P–L+) and photosensi
tizer control (P+L–) groups, the mucosa lining the
palate and the subjacent bone tissue presented normal
histological characteristics at all evaluation periods
(Figs. 6c, 6d).
4. DISCUSSION
PDT has been used for inactivation of bacterial and
fungal species and elimination of tumoral cells [11, 15,
17, 18, 21, 22]. The association of a light source with
the photosensitizing agent produces a cascade of oxi
dative events leading to the formation of free radicals
(type I reaction) and singlet oxygen (type II reaction),
and any cell type is susceptible to ROSinduced stress.
It is thus interesting to evaluate not only the parame
ters necessary for the photoinactivation of the PDT’s
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Fig. 1. Graphic presentation of the percent values of fibroblast L929 cell line metabolism over time (0, 12, and 24 h) considering
the negative control (P–L–) as having 100% of metabolic activity. The irradiation dose was 100 J/cm2 (66 min) for groups P–L+
and P+L+. The asterisks indicate values that were significantly different from 100% (Dunnet’s post hoc, p < 0.05). Each point
represents the average of 10 values (n = 10).
140
120
100
80
60
40
20
0
0 12 24 h
P+50 L–
P+100 L–
P+150 L–
P–L+
P+50 L+
P+100 L+
P+150 L+
Cell metabolism, %
Fig. 2. Graphic presentation of the percent values of MDPC23 odontoblastlike cell line metabolism over time (0, 12, and 24 h)
considering the negative control (P–L–) as having 100% of metabolic activity. The irradiation dose was 100 J/cm2 (66 min) for
groups P–L+ and P+L+. The asterisks indicate values that were significantly different from 100% (Dunnet’s post hoc, p < 0.05).
Each point represents the average of 10 values (n = 10).
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target cells, but also ensure that these parameters do
not cause damages to healthy cells and tissues. This
way, the present study evaluated the cellular effects of
PDT associating Photogem® and red LED illumina
tion in vitro and in vivo.
Photogem® is a firstgeneration hematoporphyrin
derived photosensitizer. This agent, as a typical
hematoporphyrinderived photosensitizer, promotes
an initial damage to the cytoplasmic membrane,
which will permit its penetration into the cell, causing
some local damage, such as lipid peroxidation, photo
degradation of unsaturated steroids and inactivation of
proteins of the cell membrane wall [10]. The intrinsic
characteristics of Photogem®, its ability to undergo
photobleaching and its phototransformation rate [23,
24] as well as its action against tumor cells, such as cer
vical cancer and melanoma cells and its photostability
in aqueous solutions, have been investigated [25–27].
In addition, this photosensitizer can be effective in
controlling fungal infections. Dovigo et al. [17]
20 µm(а) 20 µm 20 µm(b) (c)
Fig. 3. Panel of SEM micrographs of L929 fibroblasts. (a) Negative control group: a large number of L929 fibroblasts can be
observed and numerous mitoses are occurring (arrows). These spindleshaped cells present fine cytoplasmic processes that seem
to be keeping the cells attached to the glass substrate. SEM, ×500. (b) Group PDT: Photogem® (150 mg/l) irradiated for 66 min
and evaluated immediately after PDT: fibroblasts exhibit an altered morphology with illdefined cell limits. The damaged cells are
smallsized and remnants of dead cells can still be observed on the glass substrate. SEM, ×500. (c) Group PDT: Photogem®
(150 mg/l) irradiated for 66 min and evaluated 24 h after PDT: the morphological alterations of the L929 fibroblasts were main
tained, demonstrating the irreversible damage caused by this therapy. SEM, ×500.
20 µm(а) (b) (c)20 µm 20 µm
Fig. 4. Panel of SEM micrographs of MDPC23 cells. (a) Negative control group: a number of MDPC23 cells can be observed
adhered to the glass substrate. These cells present a wide cytoplasm and multiple cytoplasmic processes that seem to be keeping
the cells attached to the glass substrate. Note the presence of few small roundshaped MDPC23 cells in mitosis. SEM, ×500.
(b) PDT Group: Photogem® (150 mg/l) irradiated for 66 min and evaluated immediately after PDT: Most of dead MDPC23
cells detached from the glass substrate. Few smallsized cells that remained attached to the glass exhibiting an altered morphology
with illdefined limits. Note that remnants of membrane of dead cells are still adhered to the glass substrate. SEM, ×500.
(c) Group PDT: Photogem® (150 mg/l) irradiated for 66 min and evaluated 24 h after PDT: the morphological alterations of the
MDPC23 cells were maintained, demonstrating the irreversible damage caused by this therapy. SEM, ×500.
20 kV 20 kV 20 kV
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observed that the association of Photogem® with LED
(460 nm wavelength) was effective in the photo inacti
vation of fluconazoleresistant and American Type
Culture Collection (ATCC) strains of C. albicans.
However, higher photosensitizer concentrations were
necessary for complete inactivation of the flucona
zoleresistant microorganisms. Furthermore, single
species biofilms were less susceptible to PDT than
their planktonic counterparts. The concentration of
25 mg/l associated with a light dose of 37.5 J/cm2
caused a reduction of CFU/ml less than 0.35 log.
Therefore, we proposed the use of higher doses of
Photogem® and energy densities as well as a different
wavelength in the present study. Some modifications
in the protocol were needed because we used a wave
length that is more favorable for light penetration in
the target tissue (red LED) than that used by Dovigo et
al. (blue LED) [16]. Another recent study has demon
strated that Photogem® associated with LED resulted
in a significant reduction in the number C. albicans
biofilms recovered from the tongue of mice with
experimentally induced oral candidosis [18].
In this way, the present study investigated the bio
logical effects of PDT in cell cultures as well as in the
healthy rat palatal mucosa using predefined parame
ters for fungal photoinactivation. In the in vitro study,
two cell lines were used to observe how different cells
respond to PDT, as demonstrated by some authors [28,
29]. There were no differences between the cell lines
regarding their metabolic activity since the metabo
lism of both L929 and MDPC23 cells reduced by 90
to 97%. All associations of the Photogem® concentra
tions (50, 100, and 150 mg/l) with the two LED light
doses (75 and 100 J/cm2) reduced significantly the cell
metabolism. There was no difference among the Pho
togem® concentrations regardless of the LED light
dose, which demonstrates that even the lowest photo
sensitizer concentration associated with the lowest
light dose reduced significantly the viability of both
cell types. The different evaluation periods of the
MTT assay showed the irreversible nature of the dam
ages of the PDT in the different periods after treat
ment of the cell cultures (0, 12, and 24 h). The SEM
micrographs confirmed these results, in such a way
that even 24 h after PDT, cell destruction with alter
ation of the morphology was maintained.
In addition, in the cultures subjected to PDT, cell
rests and cells with illdefined cytoplasmic membrane
were observed, suggesting that the membrane is the
main target of the photosensitizer. The cell damage
caused by PDT is dependent of the oxygen concentra
tion and pH media [30, 31]. In high oxygen concen
trations, the photodegradation of Photogem® occurs
preferentially by a singlet oxygenmediated photo
oxidation [31]. Moreover, in low pH value, there is a
predominance of aggregated species which indicates a
high retention by tumor cell as well as for normal cells
[30]. We suggest that in our study the damage caused in
cultured cells was a result of the reactive oxygen spe
cies generated by Photogem® associated to light. Also,
the long time of irradiation (66 min) resulted in alter
ation of pH media due to CO2 concentration, which
favor the retention of Photogem® by the cultured cells.
On the other hand, the in vivo results did not show
macroscopic alterations when Photogem® at 500 mg/l
concentration was associated with red LED. In all
experimental groups, the rat palatal mucosa was intact
with normal aspect similar to that of the control group
in all evaluation periods. The results of the histological
analysis confirmed that PDT did not harm the tissue.
The lining mucosa showed few shallow epithelial
papillae and intact basal layer. The subjacent connec
tive tissue was rich in collagen fibers with numerous
fibroblasts and small capillaries. The palatal bone tis
sue was healthy with normal structure. These results
are relevant because Mima et al. [18] found that Pho
togem® at 500 mg/l concentration produced a 2log
reduction in C. albicans cfu/ml counts recovered from
the tongue of mice with induced oral candidosis,
which suggests that PDT can be efficient in control
ling fungal infections.
(а) (b)
(с) (d)
Fig. 5. Panel of clinical photographs of rat palatal mucosa.
(a) Negative control group. (b) PDT Group: Photogem®
(500 mg/l) + red LED (306 J/cm2). (c) Photogem® Group
(500 mg/l); (d) Light Group (306 J/cm2). All groups pre
sented the palatal mucosa with similar macroscopic char
acteristics. The oral mucosa of all animals presented three
Mshaped and two Vshaped palatal rugae in the intermo
lar region and no/smooth palatal rugae in the antemolar
region. In the postmolar region, the transverse bridge
(TB), a whitish line that is the anatomic limit between the
hard and soft palates, could be observed.
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The differences between the findings of in vitro and
in vivo studies have been extensively discussed in the
literature, since the results of laboratorial research
cannot be extrapolated to clinical conditions [32]. In
vitro studies provide preliminary data about the toxic
ity of photosensitizers and biomaterials, and are less
time consuming, have low cost, do not involve ethical
issues and allow for evaluating different drug concen
trations in the same experiment. However, it is not
possible to simulate in vitro all in vivo conditions or to
reproduce the body’s defense response, among other
events. Therefore, in vivo studies in animals and sub
sequently in human subjects are essential to elucidate
and fully comprehend the mechanisms involved in liv
ing tissue responses to the drugs. Animal models are
adequate because they provide standardized samples
that can be controlled and manipulated to derive uni
versally comparable data and better understanding of
the etiopathology and diagnosis of diseases as well as
the beneficial and/or adverse effects of treatments
[33]. In the present study, although the MDPC23 and
L929 cell cultures subjected to PDT presented signifi
cant reduction in cell metabolism and caused mor
phological alterations, photosensitization with Photo
gem® at 500 mg/l associated with irradiation of
306 J/cm2 in vivo did not harm the palatal mucosa of
the rats. These results suggest that the keratinized epi
thelium of the oral mucosa had a protective action on
the adjacent tissues and acted as a mechanical barrier.
The photosensitizing agent concentration and the
light dose also influence directly the toxicity of PDT
[34, 35]. In the present study, the use of photosensi
tizer (400, 500, and 1000 mg/l) in the absence of light
did not differ significantly from the negative control
group both in vitro and in vivo. These results demon
strate that the toxicity of the photosensitizer is related
to its activation by visible light. According to Komerik
et al. [32], the penetration of the photosensitizer is also
related to its diffusion capacity and the characteristics
of the target tissue. The penetration of photosensitiz
ers in keratinized tissues, for example, is less effective
because the keratin layer offers a physical barrier to the
agents. On the other hand, there is greater absorption
of the drug in damaged tissues compared to healthy
tissues. Therefore, in the present study, the results of
the in vivo evaluation on a highly keratinized healthy
tissue are consistent with the literature.
The effects of LED light alone were also examined
because it has been demonstrated that visible light
irradiation may either stimulate or inhibit cell metab
olism or even have a lethal effect [36, 37]. The porphy
rins present the typical Soret band in the 400 nm spec
tral region as well as four bands (Q bands) in the visible
spectral region (500 to 630 nm). A red (630 nm) LED
(a) (b)
(c) (d)
E
CT
BT
CT
Fig. 6. Panel of photomicrographs of rat palatal mucosa. (a) Negative control group: Stratified squamous cell epithelium lined by
a thick, continuous keratin layer (arrow). Note that the subjacent connective tissue presents a balance of collagen fibers, cells and
other extracellular matrix components. HE, ×64; (b) Negative control group: The palatal bone tissue had normal characteristics
and was lined by a monolayer of osteoblasts (arrows) HE, ×250; (c) PDT Group: Stratified squamous cell epithelium lined by a
thick (E), continuous keratin layer. The subjacent bone tissue (BT) had normal characteristics. HE, ×64. (d) Detail of “C” show
ing intact bone tissue (BT) with osteocytes (arrow) and medullar structure. Note that the bone tissue is completely covered by
osteoblasts (arrows) and that the connective tissue (CT) presents a balance of collagen fibers, cells and other extracellular matrix
components farrows) HE ×125.
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light was chosen for the present study because it is
more frequently used in PDT studies due to its deeper
penetration into tissues [36]. The results of the MTT
assay showed that the decrease in cell metabolism in
the groups subjected to LED irradiation alone com
pared to the negative control group was no statistically
significant for either of the cell lines (L929 and
MDPC23). It is known that photons are absorbed by
the mitochondria and cell membrane, and may trans
fer energy to oxygen, thus producing reactive oxygen
and subsequently ROS. In high doses and intensities,
the products formed by the reactions with reactive
oxygen may cause cell damage and even death [38]. In
the same way, no macroscopic or histological alter
ation was observed on the palatal mucosa of the rats
subjected to light irradiation in the absence of photo
sensitizer. Sacono et al. [39] observed that red
(630 nm) LED light reduced the severity of oral
mucositis, even using lower energy doses than those
used in the present study.
Although the results of the present study demon
strated the cytotoxicity of the PDT to L929 and
MDPC23 cell cultures, there no macroscopic or his
tological alterations on the palatal mucosa of rats sub
jected to PDT. Clinical studies are needed to confirm
the efficacy of Photogem® associated with LED irra
diation in the treatment of fungal infections such as
denture stomatitis.
5. CONCLUSIONS
Under the tested conditions, the association of
Photogem® and red LED caused severe toxic effects to
two different immortalized mammalian cultured cells,
characterized by the reduction of their mitochondrial
activity, morphological alterations. However, no sig
nificant damage was observed either macroscopically
or microscopically on the palatal mucosa of rats.
These results suggest that PDT using Photogem® at
500 mg/l concentration associated with red LED
(energy density of 306 J/cm2) may be used in the treat
ment of local oral infections.
ACKNOWLEDGMENTS
The authors would like to acknowledge the Center
of Study in Optics and Photonics (CEPOF) at the
Physics Institute of São Carlos (IFSC) of the Univer
sity de São Paulo (USP) for developing the LED pro
totype specifically for this study. This study was sup
ported by Fundação de Amparo à Pesquisa do Estado
de São Paulo—FAPESP (grant no. 2007/043764).
REFERENCES
1. R. B. Ashman and J. M. Papadimitriou, Microbiol.
Rev. 59, 646 (1995).
2. R. A. Calderone and W. A. Fonzi, Trends Microbiol. 9,
327 (2001).
3. K. Konopka and T. Goslinski, J. Dent. Res. 86, 694
(2007).
4. D. W. Banting, P. A. Greenhorn, and J. G. McMinn,
J. Can. Dent. Assoc. 61, 199 (1995).
5. E. BudtzJorgensen, P. Holmstrup, and P. Krogh, Anti
microb. Agents Chemother. 32, 1859 (1988).
6. K. H. Neppelenbroek, A. C. Pavarina, D. M. Palomari
Spolidorio, E. M. Sgavioli Massucato, L. C. Spoli
dorio, and C. E. Vergani, J. Oral. Rehabil. 35, 836
(2008).
7. T. Lombardi and E. BudtzJorgensen, Eur. J. Prosth
odont. Restor. Dent. 2, 17 (1993).
8. R. J. Hay, Int. J. Dermatol. 2, 65 (1999).
9. C. Pujol, M. A. Pfaller, and D. R. Soll, Antimicrob.
Agents Chemother. 48, 262 (2004).
10. R. F. Donnelly, P. A. McCarron, and M. M. Tunney,
Microbiol. Res. 163, 1 (2008).
11. S. A. G. Lambrechts, M. C. G. Aalders, and J. Van Marle,
Antimicrob. Agents Chemother. 49, 2026 (2005).
12. T. N. Demidova and M. R. Hamblin, Antimicrob.
Agents Chemother. 49, 2329 (2005).
13. V. K. Pustovalov, A. S. Smetannikov, and V. P. Zharov,
Laser Phys. Lett. 5, 775 (2008).
14. A. H. Machado, C. Pacheco Soares, N. S. da Silva, and
K. C. Moraes, Cell. Biol. Int. 33, 785 (2009).
15. M. Atif, S. Firdous, A. Khurshid, L. Noreen,
S. S. Z. Zaidi, and M. Ikram, Laser Phys. Lett. 6, 886
(2009).
16. J. M. Bliss, C. E. Bigelow, T. H. Foster, and C. G. Hai
daris, Antimicrob. Agents Chemother. 48, 2000 (2004).
17. L. N. Dovigo, A. C. Pavarina, E. G. de Oliveira Mima,
E. T. Giampaolo, C. E. Vergani, and V. S. Bagnato,
Mycoses. (2010, in press).
18. E. G. Mima, A. C. Pavarina, L. N. Dovigo, C. E. Ver
gani, C. A. Costa, C. Kurachi, and V. S. Bagnato, Oral.
Surg. Oral. Med. Oral. Pathol. Oral. Radiol. Endod.
109, 392 (2010).
19. R. S. Cavalcante, H. Imasato, V. S. Bagnato, and
J. R. Perussi, Laser Phys. Lett. 6, 64 (2009).
20. S. T. Sonis, Oral. Oncol. Eur. J. Cancer. 34, 39 (1998).
21. B. Zeina, J. Greenman, W. M. Purcell, and B. Das, Br.
J. Dermatol. 144, 274 (2001).
22. Y. Y. Tian, D. D. Xu, X. Tian, F. A. Cui, H. Q. Yuan,
and W. N. Leung, Laser Phys. Lett. 5, 746 (2008).
23. J. Ferreira, P. F. C. Menezes, C. Kurachi, C. H. Sibata,
R. R. Allison, and V. S. Bagnato, Laser Phys. Lett. 4,
743 (2007).
24. P. F. C. Menezes, H. Imasato, J. Ferreira, V. S. Bag
nato, C. H. Sibata, and J. R. Perussi, Laser Phys. Lett.
5, 227 (2008).
25. W. S. Ahn, S. M. Bae, S. W. Huh, J. M. Lee,
S. E. Namkoong, S. J. Han, C. K. Kim, J. K. Kim, and
Y. W. Kim, Int. J. Gynecol. Cancer 14, 475 (2004).
26. P. F. C. Menezes, V. S. Bagnato, R. M. Johnke, C. Bon
nerup, C. H. Sibata, R. R. Allison, and J. R. Perussi,
Laser Phys. Lett. 4, 546 (2007).
27. J. Ferreira, P. F. C. Menezes, C. H. Sibata, R. R. Alli
son, S. Zucoloto, O. Castro e Silva, Jr., and V. S. Bag
nato, Laser Phys. 19, 1932 (2009).
238
LASER PHYSICS  Vol. 21  No. 1  2011
RIBEIRO et al.
28. C. Kirszberg, V. M. Rumjanek, and M. A. Capella,
Cancer Chemother. Pharmacol. 56, 659 (2005).
29. T. Maisch, C. Bosl, R. M. Szeimies, N. Lehn, and
C. Abels, Antimicrob. Agents Chemother. 49, 1542
(2005).
30. P. F. C. Menezes, H. Imasato, V. S. Bagnato, C. H. Si
bata, and J. R. Perussi, Laser Phys. 19, 1457 (2009).
31. S. Pratavieira, P. L. A. Santos, P. F. C. Menezes,
C. Kurachi, C. H. Sibata, M. T. Jarvi, B. C. Wilson, and
V. S. Bagnato, Laser Phys. 19, 1263 (2009).
32. N. Kömerik, H. Nakanishi, A. J. MacRobert, B. Hend
erson, P. Speight, and M. Wilson, Antimicrob. Agents
Chemother. 47, 932 (2003).
33. Y. H. Samaranayake and L. P. Samaranayake, Clin.
Microbiol. Rev. 14, 398 (2001).
34. P. Babilas, E. Kohl, T. Maisch, H. Bäcker, B. Gross,
A. L. Branzan, W. Bäumler, M. Landthaler, S. Karrer,
and R. M. Szeimies, Br. J. Dermatol. 154, 712 (2006).
35. E. Buytaert, M. Dewaele, and P. Agostinis, Biochim.
Biophys. Acta 1776, 86 (2007).
36. C. F. Oliveira, J. Hebling, P. P. C. Souza, N. T. Sacono,
F. R. Lessa, R. F. Z. Lizarelli, and C. A. S. Costa, Laser
Phys. Lett. 5, 680 (2008).
37. Y. Kotoku, J. Kato, G. Akashi, Y. Hirai, and K. Ishi
hara, Laser Phys. Lett. 6, 388 (2009).
38. T. I. Karu, Photochem. Photobiol. 52, 1089 (1990).
39. N. T. Sacono, C. A. Costa, V. S. Bagnato, and
F. C. AbreueLima, Lasers Surg. Med. 40, 625 (2008).
